
®
Europaisches Patentamt

~~

European Patent Office

Office europeen des brevets @ Publication number : 0 495 636 A2

EUROPEAN PATENT APPLICATION

@ Application number: 92300319.8 (g) Int. CI.
5

: G01R 31/36

Date of filing: 15.01.92

(30) Priority: 15.01.91 US 641394

(43) Date of publication of application :

22.07.92 Bulletin 92/30

(84) Designated Contracting States

:

BE DE DK FR GB

© Applicant : EVEREADY BATTERY COMPANY,
INC.

Checkerboard Square
St Louis Missouri 63164 (US)

@ Inventor : Bailey, Jean W.
23447 Emmons Road Columbia Station

Ohio 44028 (US)

Inventor : Tucholski, Gary R.

6317 Del Irose Drive Parma Hts.

Ohio 44130 (US)

Inventor : Huhndorff, Harry R.

322 Plymouth Drive Bay Village

Ohio 44140 (US)

(74) Representative : Lord, Hilton David et al

Marks & Clerk 57-60 Lincoln's Inn Fields

London WC2A 3LS (GB)

(54) Battery with tester label.

(57) The present invention relates to a battery

having a label and a tester therefor, character-

ised in that the tester forms a part of the label,

and comprises a circuit whose ends contact or

are contactible with the terminals of the battery,

a portion of the circuit between the two ends
having a predetermined resistance, an indicator

being associated with the area of resistance and
being activatable thereby by a current flowing

therethrough, the activation of the indicator

giving an indication of the remaining power in

the battery, the advatage being that the tester

cannot be inadvertently lost or misplaced.
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The present invention relates to a battery or bat-

teries having a label and a tester therefor.

Tester strips for batteries are available individu-

ally and in association with a package containing the

batteries, and typically consist of multilayer strips.

This construction generally comprises a substrate

layer onto which is deposited an electrically conduc-

tive layer that has terminal end portions. Also dis-

posed on the substrate is a thermally sensitive

material. This material changes colour when heated

and is in thermal contact with the electrically conduc-

tive layer. When the terminals of the tester strip are

brought into contact with the corresponding terminals

of a battery, heat is generated in the conductive layer,

the amount of heat generated being proportional to

the remaining power of the battery. The heat thereby

generated acts on the thermally sensitive material,

causing it to change colour.

One disadvantage with such tester strips is that

the strip or package is separated from the batteries to

be tested when the batteries are removed from their

packaging. If the tester strip is separate from the pack-

ing, it still becomes separated when the batteries are

employed. In addition, because of their shape and

style, the testing strips can be easily misplaced or dis-

carded. Thus, when a need arises to test batteries, it

may be difficult or impossible to locate the tester

strips. Such individual tester strips also tend to be dif-

ficult to use.

Thus, in a first aspect, the present invention pro-

vides a battery having a label and a tester therefor,

characterised in that the tester forms a part of the

label, and comprises a circuit whose ends contact or

are contactible with the terminals of the battery, a por-

tion of the circuit between the two ends having a pre-

determined resistance, an indicator being associated

with the area of resistance and being activatable

thereby by a current flowing therethrough, the acti-

vation of the indicator giving an indication of the

remaining power in the battery.

The tester of the present invention may be pro-

vided in any suitable form. As it forms a part of the

label, there is no particular requirement for robust-

ness, and the various components may merely take

the form of films printed onto the label. However, the

tester may also be manufactured independently, and

only associated with the label at a later stage.

The tester comprises a circuit having a resist-

ance, so that when a current flows through the tester,

the results are detectable. The effect of the current

may be heat, for example, so that a thermochromic

detection system may serve to provide the necessary

indication of the battery's status. Such inks are well

known, and have been used for some time in desk

thermometers, for instance.

Alternatively, the effects of the current may be

measured by detecting the electric field, in which

case, electrochromic inks would suffice.

In order to give an indication of the status of the

battery, various methods may be employed. At its

simplest, the only requirement for the tester is to give

an indication that the battery has discharged to a

5 given level, so that all that is necessary is a cut-off,

beyond which the indicator is or is not activated,

according to the system.

It will be appreciated that most customers would

prefer that the system gave a calibrated reading, so

10 that, when the battery was tested, they could obtain

some idea of how much life was left in the battery.

Such systems are preferred, and there are various

ways of providing such calibration in the system.

One way to provide calibration is to vary the resi-

ts stance in some way along the length of the tester.

Such variance may be achieved, for example, by vary-

ing the width of the tester, so that the narrowest point

would heat up the most, the wide base only heating

up when the battery was at full charge. Thus, as the

20 battery is discharged, the amount of the resistor heat-

ing up to the required degree is reduced, until only the

apex heats up sufficiently.A printed scale by the resis-

tor could then give an an indication of battery life-

expectancy. In such a system, the thermochromic or

25 electrochromic ink need only be wide enough for

detection at any one point, and does not need to get

wider with the resistor, for example.

Alternatively, materials of different resistance

may be employed to provide the variation in resist-

30 ance, so that the different portions of the resistor heat

up to the required degree depending on the amount

of charge left.

In a further aspect, layers of the indicator ink may
be provided, so that all layers turn colour at full

35 charge, but only one, for example, at low charge.

Such layers may be stepped so that, at full charge, if

all layers clear, a logo such as "FULL CHARGE"
would be visible. All other layers in such a system

would also be visible, with the highest giving the read-

40 ing. At low charge, only the logo "LOW CHARGE"
might be visible.

The testers of the invention may be built into the

labels, if desired. One suitable construction is to

sandwich the tester between layers of label. Ends of

45 the tester are then exposed to be able to contact the

terminals of the battery.

It is generally preferred that one end of the tester

is secured to one of the terminals, so that to operate

the tester only one end needs to be manipulated. In

so particular, one end of the tester is preferably biassed

away from its terminal, manual pressure being suffi-

cient to complete the circuit with the battery. Both

ends may be biassed away from their terminals,

perhaps if it is strongly desired to avoid accidental

55 activation, but this requires bringing both ends into

contact with the terminals, and is not generally prefer-

red. Also, continuous contact between both ends and

their terminals is not preferred, unless current drain is

2
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unimportant or negligible with respect to the expected

life of the battery.

It is preferred to bias one of the ends of the tester

away from its terminal. This may be achieved simply

by having the end protrude over the terminal, so that 5

it is necessary to press on the end to make contact. It

will also be appreciated that the end should then

return to the starting position if possible. This may be

achieved by incorporating the end in a resilient piece

of the battery label, or by constructing at leastthat part 10

of the tester from a resilient material. Suitable embo-

diments will be apparent to those skilled in the art

The label may have two layers, with a hole in the

bottom layer and an end of the tester located over this

hole but attached to the top layer. Pressure on the top 15

layer then causes contact with the terminal, for

example the battery casing, and the resilience of the

layer then allows the end to spring back after testing.

In an alternative aspect, there is provided a bat-

tery to which is attached a label that contains a tester 20

for the battery, wherein the battery has a conductive

housing in contact with one of the electrodes of the

battery, and a conductive cover on one of Its ends in

contact with the opposite electrode of the battery; and

the label is comprised of a tester circuit that has a first 25

end in contact with the battery housing and a second

end that is resilient and disposed over but out of con-

tact with the conductive cover of the battery to provide

a switch for the tester, which ends are electrically con-

nected to each other via an area of controlled resis- 30

tivity, and which circuit is electrically insulated from

the terminals of the battery except for the first and sec-

ond terminal contact ends; and an indicating material

disposed in responsive contact with the area of con-

trolled resistivity in the tester circuit. 35

It is preferred that the first end is disposed over

and out of contact with the housing to provide a sec-

ond switch for the tester circuit. It is particularly pre-

ferred that the indicating material is thermochromic

ink. 40

The present invention is a battery to which is

attached a label that contains a tester for the battery.

The battery has a conductive housing in contact with

one of the electrodes of the battery, and a conductive

cover on one of its ends in contact with the opposite 45

electrode of the battery. The label is comprised of a

tester circuit that has a first end in contact with the bat-

tery housing and a second end that is resilient and dis-

posed over but out of contact with the conductive

cover of the battery to provide a switch for the tester. so

The ends are electrically connected to each other via

an area of controlled resistivity. The circuit is electri-

cally insulated from the terminals of the battery except

for the first and second terminal contact ends. An indi-

cating material is disposed in responsive contact with 55

the area of controlled resistivity in the tester circuit.

The batteries of the present invention have tes-

ters built into the label so that whenever it is desired,

the battery can be tested. The batteries are easily tes-

ted by completing the tester circuit in the label and

without the use of components not associated with the

battery or label.

Suitable batteries for use in the present invention

are primary or secondary batteries that have positive

and negative terminals. These batteries generally

comprise an anode, a cathode and electrolyte con-

tained in a sealed housing. The housing typically has

an opening in one end that is sealed and closed with

a cover. This cover is usually in electrical contact with

either the cathode or anode to provide a terminal of

the battery.

In addition to its use as an indicator of the remain-

ing capacity of a primary cell, the label tester of the

present invention may also be used on a recharge-

able cell, for example, a rechargeable alkaline Mn02

cell, to indicate when the cell should be recharged.

This may conveniently be done by appropriate selec-

tion of the indicating material to ensure activation at

a predetermined voltage level to display an approp-

riate message to the user.

The label provides a means for testing the

capacity of the battery to which it is attached, and

comprises means for completing the circuit between

the terminals of the battery, means for responding to

the capacity of the battery and means for indicating

the capacity of the battery.

The means for completing the circuit is suitably a

tester circuit of an electrically conductive material.

The electrically conductive material may be a metallic

foil, or a metallised plastic layer, for example. Other

examples include electrically conductive paints or

inks, such as those that contain graphite, carbon or

metals, or combinations thereof, as the conductive

materials.

The electrically conductive material is configured

so as to have first and second ends that are connec-

ted to each other via an area of controlled resistivity,

the first end making contact with a first terminal of the

battery, the second end making contact with a second

terminal of the battery, with one of the ends biassed

away from its terminal under normal conditions of use.

Connection of these terminal contact ends to the ter-

minals of the battery completes the tester circuit,

thereby allowing electric current to flow through the

area of controlled resistivity.

The term "controlled resistivity", as used herein,

means that the resistance of the tester is controlled,

or selected, so as to be within a range that the respon-

sive means is activated when an appropriate current

passes through the area of controlled resistivity.

The resistance in the area of controlled resistivity

may vary or be constant In one preferred embodi-

ment, the tester has a varying resistance to indicate

the relative remaining useful life of a battery. For

example, the current flowing through the tester circuit

will generate a specific temperature. The temperature

3
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achieved will be proportional to the amount of current

supplied by the battery. Thus, the area of controlled

resistivity may be of varying width, for example, tap-

ered, or of varying thicknesses to achieve a tempera-

ture gradient. 5

Alternatively, the area may be of constant width

and constant thickness. A further embodiment invol-

ves the use of different conductive materials having

different resistivities in the area of controlled resis-

tivity. In addition, when using thermochromic mate- 10

rials, materials activated at different temperatures

may be used along an area of constant resistance, or

continuous or discontinuous segments of a thermoc-

hromic material used along an area of variable resist-

ance. 15

The testing means may further comprise means
for connecting the tester circuit to the terminals of the

battery. This means may be terminal connectors that

connect the battery terminals with the terminal contact

ends of the tester circuit. The terminal contact ends of 20

the tester circuit may be in permanent electrical con-

tact with the terminals of the battery. However, this is

only desirable when the circuit places a very low drain

on the battery so that the battery is not prematurely

discharged. 25

Preferably, one or both terminal contact ends of

the circuit are out of contact with the terminals of the

battery, so that the tester circuit is open. In this embo-

diment, the testing means further comprises means

for switching the tester circuit on. The tester circuit 30

may have one or more switches. In a preferred embo-

diment of the invention, the anode or the cathode is

in electrical contact with the conductive housing ofthe

battery. In this embodiment, one of the terminal con-

tact ends of the tester circuit may be connected to the 35

housing, or positioned out of contact with the housing,

for example by a small opening in a layerdisposed be-

tween the housing and the end of the tester circuit.

This opening can then act as a switch for the tester cir-

cuit. By forcing the terminal contact end into contact 40

with the housing through the opening, the switch is

closed and the tester circuit is completed so that the

battery can be tested. This contact may be conve-

niently made by applying finger or thumb pressure to

the switch areas. 45

In an alternative switch embodiment, a circuit ter-

minal is in permanent contact with the housing, and

the switch is provided by extending an end of the cir-

cuit over the opposing terminal end of the battery.

Usually the housing of the cell is in contact with the 50

cathode to provide the positive terminal, and the end

of the cell is in contact with the anode to provide the

negative terminal. In this embodiment, the end of the

tester circuit extends over the negative terminal and

is spaced apart from the terminal to provide an open 55

circuit. The circuit may then be closed by forcing the

end of the circuit into contact with the negative termi-

nal of the cell.

In yet another embodiment, two switches may be

provided by combining the opening in a layer of the

label and the spaced apart arrangement between the

negative terminal and the extending end of the tester

circuit. In this embodiment, both switches need to be

forced into contact with the cell to close the circuit.

It is also desirable that the label comprise one or

two terminal connectors that are in contact with the

battery terminals. When the tester circuit is used, the

terminal contact ends of the tester circuit will be in

contact with these terminal connectors. These termi-

nal connectors may be in the form of conductive tabs.

In one embodiment, a conductive cover acts as one

terminal for the battery and one of the conductive tabs

is in electrical contact with this cover. If this contact is

a permanent contact, the junction between the two

components may be sealed, such as by means of an

adhesive, heat sealing or solder.

The testing means comprises a means for indicat-

ing the capacity of the battery. The indicating means

is in responsive contact with the area of controlled

resistivity and responds to and indicates the state that

is present in that area. For example, a temperature

increase will be generated in that area when a current

flows through the tester circuit. Also, the current itself

may indicate such a state. If the indicating means is

a thermally sensitive material, then it is in thermal con-

tact with the area of controlled resistivity. If the indi-

cating means is an electrical field or voltage sensitive

material, for example, then the indicating means will

be in electrical contact with the area of controlled

resistivity. The indicating means then indicates the

capacity of the battery to the consumer. This indi-

cation may be a simple, qualitative indication, such as

a "good" or "bad", or quantitative such as a remaining

percentage of useful life.

In one embodiment, the indicating means is a

thermally sensitive material that is in thermal contact

with the area of controlled resistivity of the tester cir-

cuit Thus, the heat generated in the area of controlled

resistivity in the tester circuit is transferred to the ther-

mally sensitive material. Thermally sensitive mate-

rials change colour in response to a temperature

change. The material is readily viewable to a con-

sumer and so the consumer, based on the colour

change, may determine whether the battery is good or

needs to be replaced.

To facilitate the colour change effect, the ther-

mally sensitive material may be placed over a con-

trasting colour layer. This layer may be applied such

as by printing directly onto the film base or on the elec-

trically conductive circuit. A message may be printed

or stenciled onto the contrasting colour layer for view-

ing by the consumer when the thermally sensitive ma-

terial changes colour. An alternative means of

providing a message employs a stencil in the form of

a thermally non-conductive layer, for example, a layer

of double-faced tape, in which the message is cut out

4
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of the thermally non-conductive layer so that a thin

layer of insulating air is left in that area under the ther-

mally sensitive material. When the tester is activated,

this cut-out message portion, which has poorer ther-

mal conductivity than the surrounding area, results in

the thermally sensitive material directly over the mes-

sage area changing colour, while the surrounding

thermally sensitive material, which serves as a heat

sink, remains the original colour, thus outlining the

message.

The above stencil may also be reversed, so that

the message is made of the thermally non-conductive

layer and is surrounded by the air insulation layer.

When such a tester is activated, the thermally sensi-

tive material directly over the message portion will

remain the original colour because of better thermal

conductivity, and the surrounding thermally sensitive

material over the air insulation layer will change col-

our, thereby outlining the message.

Examples of suitable thermally sensitive mate-

rials are liquid crystal materials and thermochromic

inks. The indicating material may be used singly or in

combination. For example, in one embodiment, diffe-

rent layers of the indicating material are employed.

The layers are activated at different temperatures or

states and may be designed to change different col-

ours at different temperatures. For example, the layer

of material activated at the bottom layer and the upper

layers may be arranged in decreasing temperature of

activation with the lowest temperature material in the

top layers.

Alternatively, the indicating material may be

designed to test the battery at different ambient tem-

peratures by using materials that activate at different

temperatures. The label may include different tester

circuits for different ambient temperatures. The ma-

terial activatable at the corresponding temperature

would then be associated with the different circuits.

For example, the label may be designed with a win-

dow for testing at 40°F, a window for testing at 70°F

and a window for testing at90°F. Depending on what

the ambient temperature is, the consumer would look

at the corresponding window.

Suitable examples of liquid crystal materials

include the cholesteric type, such as cholesteryl

oleate, cholesteryl chloride and cholesteryl caprylate.

Examples of suitable thermochromic inks include

those comprising a dye, developer and desensitising

agent, such as those disclosed in US-A-4,835,475.

Suitable-inks may be obtained from Japan Capsule

Products and Sakura Colour Products Corp.

In another embodiment, the indicating and res-

ponding means are materials that respond to a volt-

age change or electric field. These materials respond

directly to the remaining capacity of the battery as the

current flows through the tester circuit, and are dis-

posed in electrically responsive contact with the area

of controlled resistivity. Suitable materials for this pur-

pose are known as electrochromic materials and are

commercially available from the Donnelly Corpor-

ation, for example.

Labels useful in the present invention may also

5 comprise such additional layers as insulating layers,

printing layers and protective layers. Suitable mate-

rials for use as the different layers are those typically

used in battery labels and include plasticised or

unplasticised polyvinyl chloride (UPVC), metallicfilms

10 and paper, and may be prepared by known methods,

such as laminating the layers together. The layers

may be adhered to each other by an adhesive. In

embodiments where conductive ink is in contact with

the adhesive, it is desirable to employ a primer layer

15 or sealant layer between the conductive ink and adhe-

sive. Suitable primers and adhesives include UV-cu-

red dielectric materials such as Dielectric LV-3728-39

from Emerson and Cuming Inc., Dielectric ML-25198

from Acheson Colloids, and Liquitex acrylic gesso

20 from Binney & Smith, Inc. The label may be attached

to the battery by the use of an adhesive. The label may
be in the form of individual sheets which will have a

seam or in the form of a shrinkable tube in which a bat-

tery is encased.

25 A preferred tester label comprises a base insula-

tive layer adhered to the housing of the battery. The

housing is in electrical contact with either the anode

or cathode of the battery. The insulative layer has an

opening in it. The tester circuit is placed on the surface

30 of this insulator. One of the terminal contact ends of

the circuit is aligned with the opening in the insulator.

The other terminal contact end of the circuit is in con-

tact with the terminal of the battery that is not in con-

tact with the housing. The indicating material is placed

35 over the area of controlled resistivity of the circuit. The

indicating material may be placed directly on the tes-

ter circuit or it may be placed on a separate layer that

is placed over the tester circuit. Preferably, the indi-

cating material is a thermochromic ink and is in ther-

40 mally transferable contact with the area of controlled

resistivity. Finally, a protective layer is placed over the

indicating material. The type of protective layer is

selected so that the indicating material may be obser-

ved by the user. To test the battery, the user presses

45 the label at the point above the opening in the

insulator layer to establish contact between the termi-

nal contact end of the circuit and the conductive bat-

tery housing. As the circuit is completed, a

temperature increase is generated in the area of con-

50 trolled resistivity and which is transferred to the indi-

cating material. If the necessary temperature is

reached, the indicating material will so indicate and

the user can determine (at ambient temperature) the

remaining capacity of the battery.

55 To prepare the individual sheet labels, a shrink-

able plastic film may be printed with a thermally sen-

sitive material in a test window area. Any graphics or

decorative metallisation to be included may also be

5
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printed on this film. On the reverse side of this film the

electrically conductive tester circuit is printed, and an

insulative layer is placed over this conductive layer.

The tester circuit may also be hot stamped onto the

film, or inserted as a separate component of a metal

foil or metallised plastic. The insulative layer prevents

the conductive layer from contacting the battery hous-

ing and provides thermal and electrical insulation. The

insulative layer may completely cover the conductive

layer, and terminal connectors may be used to con-

nect the battery terminals with the terminal contact

ends of the tester circuit. Alternatively, openings may
be left in the insulative layer through which the con-

ductive portion of the tester circuit may be directly

connected to the terminals of the battery. An adhesive

may be added to the back of the label, except for the

portion in which the tester circuit will contact the ter-

minals. The tester circuit may also be printed on a

continuous layer of adhesive. If so, it is desirable to

add the sealer or primer layer between the tester cir-

cuit and adhesive. The adhesive side of the label is

then joined to a releasable material such as a silicone-

coated paper web to form a label carrier. The labels

may then be die cut and converted to rolls ready for

use. After applying these labels to a battery, a clear

protective shrink film may be applied over the label.

This film is preferably in the form of a shrink tube, and

unplasticised PVC is a preferred material.

To prepare the labels on a shrinkable tube, after

forming the label as generally described above, the

label may be placed around a mandrel and welded

lengthwise to form a tube. The tube is flattened,

wound on a roll and is then ready for use.

In forming the labels, it is desirable that the insula-

tive layers be built up around any openings between

the battery terminals and the ends of the tester circuit.

This increased thickness will assist in preventing acci-

dental activation of the tester and resultant premature

discharge of the battery.

In a preferred method, unplasticised polyvinyl

chloride (UPVC) film may be metallised, for example,

with aluminium, on one surface. The UPVC film pro-

vides an insulative layer and the metallised layer can

provide the conductive layer of the label. Portions of

the conductive layer may be removed to establish

positive and negative terminal contact ends of the tes-

ter circuit and an area of controlled resistivity. The por-

tions may be removed by chemical etching or by photo

resist techniques. Alternatively, the deposition of the

metallised layer may be done in the desired tester cir-

cuit pattern.

Another layer of insulation, such as additional

PVC or a UV-cured coating, such as those employing

epoxy resin, or a thin foamed plastic layer, may be

deposited over the conductive layer. The insulating

layer may also be an air pocket suitably formed by the

use of a thin solid spacer, for example, of foamed

plastic or adhesive, so shaped as to provide the des-

ired dimensions. Areas of the conductive layer may be

exposed through this insulative layer to provide switch

contact areas. One or more switch areas may be pro-

vided. Advantageously, a relatively thick layer of

5 additional insulative material is placed around the

switch areas to increase the distance needed to close

the switch and, thus, prevent inadvertent closure. A
foaming ink is suitable for this purpose. This insulative

layer may also be placed over the area of controlled

w resistivity. An adhesive layer may then be placed over

this insulative layer. The adhesive layer may have

openings in it so that the conductive layer can contact

the terminals of the battery. This label may then be

laminated to a carrier web, such as silicone-coated

15 paper.

On the other surface of the UPVC layer may be

deposited an indicating material, such as a thermoc-

hromic ink. This material is placed over the area of

increasing resistivity of the tester circuit. This outer

20 layer may also contain printing and graphics. This

printing or graphics may also be a contrasting colour

layer disposed between the tester circuit and indicat-

ing material. Thus, when the circuit is closed and the

indicating material responds to the circuit, the con-

25 trasting layers with any message may be viewed. The

final layer can then be a protective coating or film

deposited over the label.

It will be appreciated that the layers and steps

described above may be altered or rearranged in

30 many ways to provide the label with a tester circuit.

The present invention will now be further illus-

trated with respect to the accompanying drawings, in

which:

Figure 1A shows an exploded view of a mul-

35 tilayered label that has a single switch area, Fig-

ures 1B and 1C showing the switch area;

Figure 2 shows an exploded view of a mul-

tilayered label that has two switch areas;

Figures 3 to 5 show alternative embodiments of

40 the dual switch multilayered label;

Figure 6 shows a battery to which is attached a

tester label;

Figure 7A shows the area of contact between the

tester circuit and a terminal of the battery, while

45 Figure 7B shows an enlargement of the area, and

Figure 7C shows an enlargement of the area of

contact between the tester circuit and a terminal

of the battery wherein the tester circuit tab is

spaced apart from the terminal so as to serve as

so a switch;

Figure 8 shows a further embodiment wherein

permanent contact between an end terminal of

the battery and the tester circuit is ensured

through a snap ring assembly;

55 Figure 9 shows a two-ply label containing a tester

circuit for a battery;

Figure 10 shows a stepwise method for making a

label with a tester circuit for a battery; and

6
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Figure 1 1 shows an alternative stepwise method

for making a label with a tester circuit for a battery.

Referring to the Figures, Figure 1A shows an exp-

loded view of a tester label 1. Insulative layer 5 has

opening 7. On one side of insulative layer 5 is adhe- 5

sive layer 3. This side of the label 1 is to be adhered

to the conductive housing of a battery. On the surface

of insulative layer 5 opposite the surface containing

adhesive layer 3, is a tester circuit 10. The tester cir-

cuit 10 will be located directly on the surface of insula- 10

tive layer 5. The tester circuit 10 is of an electrically

conductive material and has a first terminal contact

end 12 disposed over opening 7 in the insulator layer

5. Connected to the first terminal contact end 12 is an

area of controlled resistivity 14. This area is con nee- 1

5

ted to the second terminal contact end in the form of

tab 15 that may be placed in contact with a terminal

of the battery. Over the tester circuit 10 is disposed

label substrate 17. This layer comprises thermally

sensitive material 19. This layer may also contain 20

printing and be made of plastic. This layer further

comprises switch area 20 aligned with the first termi-

nal contact end 12 and opening 7. Thus, the tester cir-

cuit 10 can be completed by establishing contact

between first terminal contact end 1 2 through opening 25

7 to a conductive battery housing by depressing

switch area 20.

The thermally sensitive material 1 9 is disposed in

thermally transferable contact with the area of

increasing resistivity 14 of tester circuit 10. Optionally, 30

protective layer 18 may be placed over label substrate

layer 17. Each of the individual layers may range in

thickness from about 0.5 to about 2 mils (i.e. from

about 0.0005 to about 0.002 inch, or from about 12 to

about 50 |im). 35

Figure 1B shows a side view of a portion of an

assembled label attached to a battery. Label 1 has

insulative layer 5 adhered to can 2 by adhesive layer

3. Insulative layer 5 has opening 7. Next to the insula-

tive layer 5 is the end 1 0 of the tester circuit layer. The 40

label 1 is completed with label substrate layer 17 next

to tester circuit layer 10 and has protective layer 18

disposed on top of it.

In Figure 1C, the tester label 1 is activated by

depressing the label at the switch area 20 over open- 45

ing 7. Thus, end 1 2 of tester circuit 1 0 is placed in con-

tact with can 2.

In Figure 2, label 1 has adhesive layer 3, label

substrate layer 17, and optional protective layer 18

(c.f. Figure 1 ). Insulative layer 6 has an opening 8 and so

a tab 19. An additional insulative layer 21 is disposed

on one surface of the first insulative layer 6. This

additional insulative layer 21 has an opening 24 alig-

ned with opening 8 in the first insulative layer 6, and

a second opening 25 aligned with a portion of the tab 55

19.

Over the second insulative layer 21 is disposed

tester circuit 28. This tester circuit has a first terminal

contact end 29 aligned with opening 24 in the second

insulative layer 21 and a second terminal contact end

30 aligned with the second opening 25 in the second

insulative layer 21. The tester circuit 28 has an area

of controlled resistivity 32 connecting first terminal

contact end 29 and second terminal contact end 30.

Label substrate layer 17 contains thermally sensitive

material 22 in alignment with the tester circuit area 32.

The label substrate layer 1 7 has two switch areas

33 and 34. Switch area 33 is aligned with the first ter-

minal contact end 29 of the tester circuit 28, and

switch area 34 is aligned with the second terminal

contact end 30 of tester circuit 28.

In Figure 3, label 1 has protective layer 18, adhe-

sive layer 3 and label substrate layer 17. Additionally,

the label 1 has an insulative layer 36 having a positive

terminal connector 38 and a negative terminal con-

nector 39. Positive terminal connector 38 has a tab 40

that will contact the positive terminal of the battery,

and negative terminal connector 39 has a tab 41 that

will contact the negative terminal of the battery.

Next to insulative layer 36 is disposed a second

insulative layer 37. This insulative layer 37 has a first

opening 42 disposed over the positive terminal con-

nector 38, and a second opening 43 aligned with the

negative terminal connector 39.

The next Iayer44 in label 1 contains the tester cir-

cuit 45 with first terminal contact end 47, and second

terminal contact end 48 connected to each other via

an area of controlled resistivity 50. The first terminal

contact end 47 is aligned with the first opening 42 in

insulative layer 37, and the second terminal contact

end 48 is aligned with the second opening 43.

Label substrate 17, disposed over tester circuit

layer 44, has a first switch area 51 and a second

switch area 52, and has thermally sensitive material

49. The first switch area 51 is aligned with first termi-

nal contact end 47 of tester circuit 45, and the second

switch area 52 is aligned with second terminal contact

end 48. Because insulative layer 37 has openings 42

and 43, tester circuit 45 is open. Both contact ends 47

and 48 are out of contact with the battery terminals.

By pressing both switch areas 51 and 52, terminal

contact ends 47 and 48 may be placed in contact with

terminal connectors 38 and 39 through openings 42

and 43 to complete the tester circuit 45.

In Figure 4, the area of controlled resistivity 50

and thermally sensitive material 56 are configured to

run axially along the side of the battery to be labelled.

The label 1 in Figure 5 is similar to that in Figure

4. The label 1 has an insulative layer 57 that contains

an opening 58 and a negative terminal connector 39.

Opening 58 permits contact between end 47 of tester

circuit 55 and the housing of a battery to be labelled.

In Figure 6, label 1 is adhered to a battery 64. Ter-

minal contact tab 65 Is shown as extending over and

in contact with the bottom 66 of battery 64. In this tab

configuration, it may be desirable to have a recessed

7



13 EP 0 495 636 A2 14

area in the battery may bottom for the tab to rest.

Switch areas 62 and 63 are shown to be on diametri-

cally opposite sides of the battery 64 and can be rea-

dily activated by thumb and forefinger pressure.

In Figure 7A and 7B, the bottom of a battery and

the tab contact between the tester circuit in the label

and a battery terminal are shown. In 7A, the battery

has container 70 with opening 72. The opening 72 is

closed with first cover 73 that contacts anode current

collector 75. Cover 73 is sealed and secured to con-

tainer 70 by seal 71. Insulative annular washer 74 is

placed over the opening 72 in container 70. Negative

cover 76 is disposed over the annular washer 74 and

is in contact with the anode current collector 75 to pro-

vide the negative terminal for the battery. Label sub-

strate end 86 of label 80 extends over onto negative

cover 76.

In 7B, the encircled portion of Figure 7A is

enlarged. The label 80 has insulative layer 81 dis-

posed next to container 70. The terminal contact tab

82 is an extension of the tester circuit of the label and

extends over and into contact with cover 76 at area

83. The label substrate end 86 extends completely

over terminal contact tab 82 to conceal it. To complete

labelling of the battery, the extension of label sub-

strate 86 is heat-shrunk over and around the

periphery of cover 76 to ensure good electrical con-

tact between contact tab 82 and cover 76.

Figure 7C shows an enlarged portion of the bot-

tom of a battery and the terminal contact tab 82, whe-

rein tab contact 82 is spaced apart from the battery

terminal, cover 76, so as to serve as a switch. In this

embodiment, cover 76 is shaped to have a central

raised portion 78 and a peripheral lower shoulder 79.

Contact tab 82 and the extension of label substrate 86

in this embodiment are out of contact with shoulder 79

until external pressure is exerted on that area to force

tab 82 into contact with shoulder 79 of cover 76,

thereby closing the circuit and activating the tester.

In Figure 8 is shown an embodiment of the inven-

tion wherein permanent contact between the cover 76

and terminal contact tab 82 is ensured through the

use of a plastic snap ring 85 which is forced into the

peripheral junction between cover 76 and battery con-

tainer 70 to hold tester contact tab 82 and the exten-

sion of label substrate 86 firmly in contact with cover

76. This embodiment may provide the additional func-

tion of cell reversal protection because of the exten-

sion of the top of the snap ring 85 above the cover 76.

In Figure 9 a two-ply label is shown. Label 90 has

base insulative film 91 with opening 92 and tester cir-

cuit 93. Tester circuit 93 has terminal contact tab 94,

area of controlled resistivity 95 and terminal contact

end 96. Protective layer 97 is placed over base film

layer 91. As the label 90 is applied onto and wrapped

around a battery, opening 92 will be aligned with ter-

minal contact end 96.

In Figure 10, the steps for making the label with

a tester are shown. In Steps 1 to 6, the label is viewed

from the back side and in Steps 7 to 9 the label is

viewed from the front side. In step 1 , a base film layer

101 of PVC is metallised with aluminium. In Step 2, a

5 portion 102 of the aluminium is removed in the pattern

of the tester circuit. Next, an electrical insulator is

applied in Step 3 onto the metallised surface 1 05, with

ends 1 06 and 1 07 exposed to provide contact with the

terminals of the battery. Extra insulation 108 is

w applied in Step 4 to area 1 04 of the tester circuit and

ends 106 and 107. In Step 5, a pressure sensitive

adhesive 109 is applied to the surface ofthe label, and

in Step 6 the label is applied to a silicone-coated

paper 110. In Step 7, the opposite side of the base

15 PVC film 1 01 is printed with the label graphics 1 1 1 . In

step 8, a contrasting colour layer and then the ther-

mochromic ink 1 12 are placed over the area 104 ofthe

tester circuit, and a protective film 113 is applied over

the label. Finally, in Step 9, the label is die-cut at

20 points 1 14 to provide the individual labels.

The steps may be reversed as shown in Figure

11, with the outer protective layer forming the initial

layer. The label is viewed from the back or the battery

side. In Step 1, the protective film 121 is formed. In

25 Step 2, the thermochromic ink 122 and then a con-

trasting colour layer are placed on the film. The label

is printed with graphics 123 in Step 3 and is laminated

to metallised PVC in Step 4. The metallised surface

124 is on the surface of the PVC opposite of the sur-

30 face next to the protective film 121. In Step 5 the

metallised layer is etched in the tester circuit pattern

1 25 with area of controlled resistivity 1 26. In Step 6 an

electrical insulator is applied over the metallised sur-

face 124 of the PVC film. Ends 127 and 128 are exp-

35 osed to provide terminal contact ends for the tester

circuit. In Step 7 additional insulation is placed around

area 126 and ends 127 and 126 of the tester circuit.

Adhesive is applied over the insulator in Step 8 and

the label strip is laminated to a silicone-coated paper

40 carrier 129 in Step 9. Finally, in Step 10 the labels are

die cut at 130 to the proper size.

It will be appreciated that the tester circuit shown

in these Figures may of course be varied. The portion

of the metallised surface may be exposed at different

45 areas to provide different switch areas. To provide

shrink tube labels, the labels may be formed accord-

ing to the above steps and then applied around a man-

drel and welded to form a tube.

In a further modification, a single-ply label may be

50 assembled (not shown here). A heat shrinkable plas-

tic film, for example, PVC with 50% shrinkage in the

machine direction, may be used as the base film on

which is reverse printed the indicated material. Suit-

able graphics are then printed on the film. The con-

55 ductive layer is added next by printing a conductive

ink, by hot stamping or by the use of a metal foil or a

metallised plastic insert. An insulation pattern is then

added over the conductive layer, for example, by

8
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printing a foaming ink or applying a layer of insulating

material such as a thin foamed plastic layer. A layer

of adhesive is then added and the label is laminated

to a silicone-coated paper carrier as described above.

If desired, a single-ply label may be made using non-

shrinkable plastic in conjunction with an outer heat-

shrinkable tube.

Claims

battery.

10. A battery according to claim 9, wherein the label

has two layers, with a hole in the bottom layer and

5 an end of the tester located over this hole but

attached to the top layer, so that pressure on the

top layer then causes contact with the terminal,

such as the battery casing, the resilience of the

upper layer then allowing the end to spring bact

w after testing.

1. A battery having a label and a tester therefor,

characterised in that the tester forms a part of the

label, and comprises a circuitwhose ends contact

or are contactible with the terminals of the battery, 1

5

a portion of the circuit between the two ends hav-

ing a predetermined resistance, an indicator

being associated with the area of resistance and

being activatable thereby by a current flowing

therethrough, the activation of the indicator giving 20

an indication of the remaining power in the bat-

tery.

2. A battery according to claim 1 , wherein the tester

is in the form of films printed onto the label. 25

3. A battery according to claim 1 or 2, wherein the

indicator is a thermochromic or electrochromic

ink.

30

4. A battery according to any preceding claim, whe-

rein the tester only indicates whether the battery

has discharged to a predetermined level.

5. A battery according to any preceding claim, whe- 35

rein the tester is calibrated so that, when the bat-

tery is tested, an impression of remaining battery

life is obtained.

6. A battery according to claim 5, wherein the tester 40

has varied resistance along its length.

7. A battery according to claim 6, wherein the vari-

ation in resistance is effected by varying the width

of the tester, so that the narrowest point would 45

heat up the most, the widest point heating up

when the battery has a useful degree of charge.

8. A battery according to any of claims 5 to 7, whe-

rein the tester or label further comprises a printed 50

scale to give an an indication of battery life-expec-

tancy.

9. A battery according to any preceding claim, whe-

rein one end of the tester is secured to one of the 55

terminals, and the other end of the tester is bias-

sed away from its terminal, manual pressure

being sufficient to complete the circuit with the

9
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